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The ab T Cell Receptor Can Replace the gd Receptor
in the Development of gd Lineage Cells
Ludovica Bruno,* Hans Jo¨rg Fehling,* cells do not proliferate in vitro when stimulated by male
cells, but they can be stimulated by receptor antibodies,and Harald von Boehmer†
*Basel Institute for Immunology and some of the CD42CD8low cells express the CD44
activation marker (von Boehmer et al., 1991).Grenzacherstrasse 487
CH-4005 Basel These findings could be interpreted to indicate that
some bona fide ab T cells escaped deletion in the thy-Switzerland
†Institut Necker mus and became tolerant in secondary lymphoid organs
through down-regulation of CD8 coreceptors (Teh et al.,INSERM 373
156 rue de Vaugirard 1989). We did not readily agree with this interpretation
(von Boehmer, 1990) because it was found that bonaF-75730 Paris, Cedex 15
France fide ab T cells fromperipheral lymphoid organsof female
mice, when confronted with large doses of HY antigen,
down-regulate their CD8 coreceptor only moderately
and, in sharp contrast with the cells that are found inSummary
the periphery of male ab TCR transgenic mice, cannot
be (or are only weakly) stimulated by TCR antibodiesIn peripheral lymphoid tissues of TCR transgenic mice
(Rocha and von Boehmer, 1991). Moreover, these un-that express the nominal antigen (HY peptide plus
usual TCRab1 cells were present even when the thymusH-2Db MHC) recognized by the transgenic TCR, there
expressed inappropriate major histocompatibility com-exist unusual CD42CD82 and CD42CD8low cells bearing
plex (MHC) molecules that did not permit positive selec-the transgenic TCR. Here we show that, unlike TCRab
tion of ab T cells in female mice (von Boehmer et al.,T cells that are generated in the absence of nominal
1991; von Boehmer, 1990). For these reasons, we haveantigen, these unusual cells do not express endoge-
entertained a different possibility, namely that thenous TCRa genes, have maintained the TCRd locus
CD42CD82 and CD42CD8low TCRab T cells result fromon both chromosomes, and can coexpress TCRab and
the premature expression of a and b TCR transgenesTCRgd chains on the cell surface. The latter is also
in the gd lineage (von Boehmer, 1990). This assumptiontrue for CD42CD82, HSA1 TCRab1 thymocytes in male
would be consistent with the early appearance ofand female TCR transgenic mice. The number of
CD42CD82, HSA1, ab1 T cells during ontogeny of TCRTCRab and TCRgd coexpressing cells is increased
transgenic mice, as well as with the virtual absencein pre-TCR-deficient mice. The data indicate that the
of TCRgd-expressing T cells in TCRab transgenic miceTCRab can replace the TCRgd in the development of
caused by the suppression of gd rearrangement. More-gd lineage cells and that the pre-TCR interferes with
over, the functionality of these early ab T cells as wellthe generation of gd-expressing cells.
as the expression of CD8 on activated cells is consistent
with the phenotype of cells of the gd lineage (Haas et
al., 1993).Introduction
Here we report a detailed analysis of this unusual
CD42CD82 and CD42CD8low, TCRab1 T cell population inIn ab T cell receptor (TCR) transgenic mice, which are
TCR transgenic mice, including the expression of TCRaproduced by random cointegration of a and b TCR
genes, analysis of the TCRd locus, and coexpression oftransgenes into the genome, one can observe unusual
TCRab and TCRgd chains in TCRab transgenic micepatterns of TCRab expression: in several such strains,
that both contain and lack the pre-TCRa chain gene.CD42CD82 thymocytes already express the ab TCR on
the cell surface at day 14 of gestation. On these fetal
CD42CD82, HSA1 thymocytes, the TCRab is associated Results
with CD3 molecules, and TCR cross-linking will result
in cell proliferation (Teh et al., 1990; unpublished data). Expression of Endogenous TCRa Genes in
CD41CD82 and CD42CD81 Cells, but NotWhile TCRgd-expressing cells can be observed prior to
TCRab cells during ontogeny in normal mice, in several CD42CD82 and CD42CD8low Cells, from
TCRab Transgenic MiceTCR transgenic mice TCRgd cells are virtually absent
and the rearrangement of TCRg genes is strongly inhib- It was previously shown that all CD41CD82 cells and the
vast majority of CD42CD81 mature peripheral T cells inited (von Boehmer et al., 1988). Thus, it appears that
the transgenic ab TCR interferes with the generation of female ab TCR transgenic mice transcribed full-length
RNA from endogenous TCRa loci (Borgulya et al., 1992).gd T cells.
CD42CD82 T cells with the ab TCR are not only pres- In fact, about half of the CD42CD81 T cells that ex-
pressed high levels of the TCRa transgene on the cellent in the thymus of TCRab transgenic mice, but are
also abundant in peripheral lymphoid tissues of mice surface nevertheless transcribed endogenous TCR loci,
indicating that in these T cells, as in normal ab T cells,that express the nominal antigen that is recognized by
the transgenic TCR. In fact, CD42CD82 and CD42CD8low TCRa continued to rearrange until cells either were posi-
tively selected or died. The experiments with hybrido-cells with the transgenic TCR represent the majority of
T cells in peripheral lymphoid organs in such mice. Such mas from CD42CD81 T cells that bear the transgenic
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hybridomas had deleted the TCRd locus on both chro-
mosomes (Figure 4). This is in agreement with another
recent study in which it was shown that about 50% of
peripheral T cells from a different ab TCR transgenic
mouse kept the TCRd locus on chromosomal DNA on
at least one allele and most likely reflects the fact that,
in these T cells, TCRa rearrangement as well as RAG
expression ceases earlier than innormal ab T cells owing
to the early positive selection of developing T cells that
bear a selectable ab TCR on their surface (Nakajima
et al., 1995). Again, a clear difference was seen when
hybridomas from CD42CD82 and CD42CD8low T cells
from male ab TCR transgenic mice were analyzed: the
d locus had been maintained in all of these cells (Figure
4). To determine whether only one or both TCRd loci
were maintained, we made use of the polymorphism of
the TCRd locus that permits visualization of both alleles
in (C57BL/6 [B6] 3 DBA/2)F1 hybrid mice by Southern
blot analysis, utilizing a Cd probe (Figure 5). This probe,
a cDNA fragment encoding the four Cd exons, detects
in genomic HindIII-digested DNA a lower band of 0.6 kb
in both B6 and DBA/2 strains and a second band of 2.0
kb in B6 and of 1.7 kb in DBA/2 mice. In hybrid (B6 3
DBA/2)F1 mice, therefore, three bands are detected (Fig-
ure 5). As shown in Figure 5, all hybridomas made from
CD42CD82 and CD42CD8low cells of male ab transgenic
(B6 3 DBA/2)F1 hybrid mice contained three bands and
therefore both TCRd alleles. Thus, also by this criterion,
the unusual CD42CD82 and CD42CD8low cells from male
ab TCR transgenic mice were distinct from CD41CD82,
Figure 1. Staining of Lymph Node Cells from Male H-2b (B6) ab TCR
CD42CD81 cells of normal mice, as well as CD42CD81,Transgenic Mice
ab1 T cells of female TCR transgenic mice. They wereUpper panel, surface Ig2 (sIg2) cells are stained with T3.70 (specific
also found to be distinct from CD42CD82, HSA2, ab1 Tfor the transgenic ab TCR) and CD8 antibodies. Gates show sorted
cells of normal mice that all had deleted the Cd locuspopulations (R2 for CD42CD82, T3.701 and R3 for CD42CD8low,
T3.701). Lower panels, reanalysis of sorted populations prior to fu- from both chromosomes (Figures 3 and 5).
sion with the BW 100.129 cell line. Since maintenance of both TCRd loci is synonymous
with a lack of Va to Ja rearrangement, it was of interest
to see whether the complete absence of such re-
arrangements in the unusual CD42CD82 and CD42CD8lowTCR on the cell surface were repeated with an indepen-
population was due to some kind of nonspecific silenc-dent set of cells and gave the same result, i.e., about
ing of the entire TCRa/d locus or whether this lack ofhalf transcribed endogenous TCRa loci. In contrast, in
rearrangement was confined to TCRa-specific genenone of the hybridomas generated by fusion of either
segments. To this end, we analyzed the rearrangementCD42CD82 or CD42CD8low cells from male transgenic
status of TCRd gene segments that are located betweenmice (Figure 1) was endogenous TCRa RNA detected
the Va and Ja loci. Southern blots with probes that(Figure 2). This result indicates that the differentiation
detect rearrangements of Dd1/Dd2 to Jd1 gene seg-of these cells must follow different rules than the differ-
ments revealed d rearrangements in most of these hy-entiation of bona fide ab T cells.
bridomas (Figure 6), demonstrating that the mainte-
nance of the TCRd locus is the result of a very specific
Deletion of the d Locus in Various TCRab regulatory process that prevents Va–Ja rearrangements
Subsets in TCR Transgenic Mice but does not impede the rearrangement of TCRd gene
In CD41CD82 and CD42CD81 (singlepositive), ab1 T cells segments. Such a process is expected to operate only
from normal mice, the TCRd locus is deleted in more in cells that belong to the gd T cell lineage.
than 95% of all cells on both chromosomes (Nakajima
et al., 1995) (Figure 3). This is also true in hybridomas
made from CD42CD82 (double negative), HSA2, ab1 thy- Coexpression of TCRa and d Chains in TCRab
Transgenic pTa-Deficient Micemocytes of normal mice (Figure 3). These findings reflect
the fact that there is continuing rearrangement of the The experiments reported so far are consistent with the
notion that in TCRab transgenic mice the ab TCR isTCRa locus on both chromosomes during the develop-
ment of normal ab T cells (Borgulya et al., 1992). When expressed in cells destined to become gd cells, sup-
presses in an unknown way the expression of the gdTCRCD42CD81 T cells expressing the transgenic ab TCR on
the cell surface from female TCR transgenic mice were (which otherwise could serve as a convenient lineage
marker), and gives rise to an unusual cell populationanalyzed, a different result was obtained: only 7 of 12
TCRab Transgenes and the Pre-TCR Regulate gd T Cells
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Figure 2. Expression of Endogenous and Transgenic TCRa Chain
Message
RNA from (A) CD42CD81, T3.701 hybridomas from H-2b transgenic
female mice, (B) CD42CD82, T3.701 hybridomas, and (C) CD42CD8low,
T3.701 hybridomas from H-2b transgenic male mice were separated
on agarose–formaldehyde gels and transferred to nylon membranes.
The filters were first hybridized to an oligonucleotide probe recog-
nizing transcripts from endogenous TCRa chain genes (top panels),
subsequently hybridized to a cDNA probe recognizing transcripts
from the TCRa chain transgene (middle panels), and finally normal-
ized with a b-actin probe (bottom panels). Numbers at the top of
each section represent individual hybridomas. RNA from B6 and
BALB/c lymph nodes (LN) served as positive and negative controls,
respectively (the constant portion of the TCRa transgene was ob-
tained from a BALB/c genomic library, and the transgene was intro-
duced into B6 mice; the oligonucleotide probe used is complemen-
tary to an 18 bp insert present in the B6 constant region of the a
locus, but absent in BALB/c strains of mice). BW was the thymoma
used as fusion partner, in which part of the a locus is deleted;
B6.2.16 was theT cell clone from which the transgenes werederived.
The faint bands that are visible in some of the hybridomas after
hybridization with the endogenous Ca-specific oligonucleotide (top
panel in [C]) are smaller than those of functional TCRa message
and have been previously described as sterile transcripts of the
unrearranged Ja–Ca locus (Kronenberg et al., 1986).
too early expression of functionally rearranged TCRb
and TCRa transgenes leads to a signaling-competent
TCR complex before most TCRgd rearrangements have
been completed. In our view, the premature TCRab, or
perhaps the premature pre-TCR consisting of TCRb and
pre-TCRa (pTa) chains, could elicit a signal that prevents
or severely inhibits the generation of gd receptors and
thus precludes surface expression of the TCRgd in most
cells. Assuming that this TCRab-mediated inhibition of
gd expression is not 100% efficient, one might anticipate
that a few cells would coexpress gd receptors together
with the ab TCR. An observation of this kind would
strengthen the notion that these cells belong to the gd
lineage. In order to detect gd and ab TCR double-
expressing cells more easily, we crossed TCRab
transgenic animals with mutant mice that lack the pTa
chain owingto a recently described gene knockout (Feh-
ling et al., 1995). The absence of the pre-TCR complex
in pTa2/2 mice severely impairs development of ab T
cells but does not affect the development of gd T cells,
leading to an overrepresentation of gd T cells in these
mice. Accordingly, we should see a higher proportion of
CD42CD82, TCRab1 thymocytes in pTa2/2 mice because
the TCRab would be predominantly expressed on the
surface of gd-like cells. When thymi and lymph nodes
from female pTa2/2, TCRab transgenic mice were ana-
lyzed, it was found that the pTa2/2-associated defect in
ab T cell development was at least partially overcome
by the transgenic TCRab, in that the number of
CD41CD81, ab thymocytes was drastically increased
such that the total number of thymocytes was similar to
that seen in TCRab transgenic pTa1 mice. Nevertheless,
there was now a more easily detectable population of
CD42CD82, TCRab1 T cells that coexpressed TCRd
chains, because the proportion as well as the absolute
number of TCRa and TCRd double-expressing cellsthat reveals its relationship to the gd lineage through
its particular surface phenotype (CD42CD82 or CD42 among TCRa1 cells was significantly higher (about
4-fold) in pTa2/2 mice than in pTa1 TCRab transgenicCD8low), its lack of TCRa rearrangement, and its particu-
lar functional behavior. We postulate, therefore, that a mice (Table 1).These d1, a1 cells from thymus and lymph
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Figure 3. Deletion of the d Locus in Different Cell Subsets from Normal Mice
Analysis of hybridomas derived from (left) CD41CD82 and CD42CD81 (single positive), ab1 (H571) lymph node cells and (right) from CD42CD82
(double negative), ab1 thymocytes of (B6 3 DBA/2) mice. Genomic DNA (10 mg) was obtained from individual hybridomas, digested with
HindIII, and subsequently run on a 0.7% agarose gel. The top panels show Southern blots probed with a Cd cDNA fragment. This probe is
able to detect a polymorphism present in germline DNA of the two different strains, B6 and DBA/2 (see Figure 5 for details). The same Southern
blots were subsequently hybridized with a TAP2-specific probe (bottom panels) to show DNA integrity. Numbers at the top of the blots
represent individual hybridomas. The germline configuration of the Cd locus in B6, DBA/2, and (B6 3 DBA/2) mice is also shown. The DNA
was extracted from a mixture of brain, kidney, and lung tissue. BW a2b2 is the fusion partner.
nodes were sorted and reanalyzed to exclude unequivo- expressed the transgenic TCR. Analysis of these d/a-
coexpressing cells with antibodies against CD4, CD8,cally cell doublets as a cause of receptor coexpression.
It can also be seen that d1, a1 cells are larger in the CD25, and CD44 revealed that they were CD42CD82
double negative and CD25low and CD44low (Figure 9).thymus and smaller in lymph nodes (Figure 7). These
cells coexpressed TCRa and TCRb chains (data not These results demonstrate directly that in ab transgenic
mice the transgenic TCR is expressed in the gd T cellshown) and also expressed TCRg chains (Figure 8), i.e.,
they coexpressed TCRab and TCRgd receptors. The subset. In addition, the data indicate that a functional
pre-TCR can regulate gd expression directly or indirectlyproportion of double-expressing cells was even more
obvious in male TCRab transgenic mice that were pTa by interfering with gd rearrangement or regulating ex-
pression of rearranged genes (orboth), since thepropor-deficient, since these mice lack most CD41CD81 thymo-
cytes owing to deletion by the HY antigen: most TCRab1 tion of TCRa and TCRd double-expressing cells was
always much higher (about 4-fold) in pTa2/2 as comparedcells were CD42CD82, and a significant fraction of these
coexpressed TCRd chains. In fact, all TCRd1 cells also with pTa1 TCRab transgenic mice (Table 1; Figure 7).
Figure 4. Deletion of the d Locus in Different
Cell Subsets from TCRab Transgenic Mice
Analysis of hybridomas derived from
CD42CD81, T3.701 lymph node cells of ab
TCR transgenic B6 female mice (left) or
CD42CD82, T3.701 and CD42CD8low, T3.701
lymph node cells from male ab TCR trans-
genic mice (right). The Southern blots were
performed as described in Figure 3 using the
same Cd probe. The Southern blot to the left
was also probed with a TAP2 fragment. Num-
bers on top of the blots represent individual
hybridomas. BW a2b2 is the fusion partner.
The germline configuration of the Cd locus in
(B6 3 DBA/2)F1 and B6 mice is also shown.
TCRab Transgenes and the Pre-TCR Regulate gd T Cells
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Figure 5. Both Cd Alleles Are Present in Hy-
bridomas Derived from Lymph Node Cells of
(B6 3 DBA/2)F1 ab Transgenic Male Mice
(Left) Polymorphism of the Cd locus in HindIII-
digested genomic DNA from mouse strains
B6 and DBA/2 and their F1 progeny (B6 3
DBA/2). Genomic DNA was obtained from a
mixture of brain, kidney, and lung tissue. The
probe used was the same Cd fragment as
described in Figure 1. This probe detects
bands of 0.6 and 2.0 kb in genomic DNA of
B6 mice, bands of 0.6 and 1.7 kb in DNA from
DBA/2 mice, and all three bands in (B6 3
DBA/2)-derived DNA. The Cd region is de-
leted in BW a2b2.
(Right) Southern blot analysis of hybridomas
derived from CD42CD82, T3.701 (A–K) and
CD42CD8low, T3.701 (2–32) lymph node cells
of (B6 3 DBA/2)F1 ab TCR transgenic male
mice. Top, Cd probe; bottom, TAP2 probe.
Discussion
The experiments reported here were undertaken to clar-
ify the origin of certain unusual cell populations inTCRab
transgenic mice that express a transgenic TCRab recep-
tor on the cell surface. Previous studies had shown that
in the thymus such atypical cells were CD42CD82, HSA1
and were functionally competent (i.e., they could be
induced to proliferate with anti-receptor antibodies) at
day 14 of gestation (Teh et al., 1990). The confrontation
of such cells with nominal antigen resulted in the accu-
mulation of TCRab1, CD42CD82 or CD42CD8low cells in
secondary lymphoid organs (von Boehmer et al., 1991).
It was also shown that the generation of these cells did
not require positive selection by MHC antigens ex-
pressed on thymic epithelium (von Boehmer, 1990). Here
we show that, unlike bona fide ab T cells, these unusual
cells do not transcribe endogenous TCRa genes and
keep both Cd alleles on chromosomal DNA. These fea-
tures are characteristic of gd lineage cells in normal
mice. In TCR transgenic mice, however, the rearrange-
ment of TCRg genes is suppressed (von Boehmer et al.,
1988). We therefore propose that in the final maturation
of gd lineage cells the TCRab can replace the TCRgd as
long as it is expressed earlier than usual in ontogeny,
as is the case in TCRab transgenic mice. This notion is
supported by the fact that 1%–5% of CD42CD82 TCRab1
thymocytes of both female and male TCRab transgenic
mice coexpress gd TCRs on the cell surface. Curiously,
the proportion and the absolute number of TCRab/
TCRgd-coexpressing cells were much larger (about four
times) in TCRab transgenic pTa2/2 mice than in pTa1
mice, indicating that the pre-TCR directly or indirectlyFigure 6. Dd–Jd Rearrangements in Hybridomas Derived from
regulates rearrangement or expression (or both) of theCD42CD82 and CD42CD8low Lymph Node Cells of ab TCRTransgenic
Male Mice gd TCR.
A Southern blot analysis of different hybridomas with two distinct The notion that all of the CD42CD82, HSA1 TCRab-
probes specific for sequences within the Dd–Jd locus is shown. expressing cells in both male and female mice belong
Hybridoma DNA was digested with PvuII (a) and PstI (b), respec- to the gd lineage rather than only the TCRab/TCRgd-
tively. The numbers at the top of the blots represent individual hy-
coexpressing cells is supported by the fact that bothbridomas. B6 germline and BW a2b2 DNA is also shown. The sche-
types of cells have otherwise identical surface markers,matic under the blots shows the location of the two probes in the
do not require positive selection by MHC molecules onDd–Jd genomic region. Lanes 3–17, CD42CD82 cells; lanes 1–13,
CD42CD8low cells. thymic epithelium, and are absent in both male and
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Figure 7. TCRa and TCRgd Surface Expression on Thymocytes and Lymph Node T Cells from TCRab Transgenic Mice
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Table 1. TCRab/TCRgd Coexpressing Cells in Various Mice
Cell Type abFemale, pTa1 abFemale, pTa2/2 abMale, pTa1 abMale, pTa2/2
Thymus
Total 210.60a 272.20 34.01 39.12
CD42CD82 16.32 26.62 25.17 19.58
CD42CD82a1 13.22 17.62 23.05 12.05
CD42CD82d1 0.30 1.19 0.26 1.12
d1/a1 2.2 6.7 1.1 9.6
Lymph Node
Total 127.03 141.00 80.14 42.00
a1 38.35 19.03 74.90 39.60
d1 0.06 0.98 0.96 3.82
d1/a1 (%) 0.1 5.1 1.2 9.6
Thymus and lymph node (sIg2) cells were prepared from female and male pTa1 and pTa2/2, TCRab transgenic mice and stained with anti-
CD4, anti-CD8, anti-TCRa (T3.70), and anti-TCRd (GL3) specific monoclonal antibodies. Total numbers of thymocytes (top) and lymph node
cells (bottom) are given in the first line. a1 indicates T3.70-positive cells and d1 GL3-positive cells. a1/d1 gives the percentage of CD42CD82,
T3.701 (a1) cells that coexpress TCRd.
a Cell number 3105.
female TCR transgenic mice that lack the common pathways of ab T cell development pass through a stage
in which cells are initially and temporarily committed tocytokine receptor g chain (DiSanto et al., 1996). The fact
that male and female mice have the same number the gd pathway.
The finding that the proportion of TCRab-expressingof CD42CD82 TCRab1 thymocytes coexpressing the
TCRgd receptor is in line with the view that these cells cells that coexpress the gd TCR is generally much higher
in pTa2/2 mice deserves comment: expression of thebelong to the gd lineage in the female as well.
These experiments suggest therefore that at an early pre-TCR may terminate the gd commitment phase and
interfere with gd rearrangement or expression (or both)developmental phase thymocytes are temporarily com-
mitted to become cells with a gd-like phenotype as long either directly or indirectly, for instance by inducing cell
proliferation and concomitant down-regulation of RAGas they are able to express a functional TCR, either ab
or gd, during that time period. Only if the cells pass genes (Owen and Venkitaraman, 1996).
Apart from their relevance to the physiological devel-through this temporally restricted commitment phase
without expressing a receptor they will become commit- opment of gd and ab T cells, our experiments introduce
a note of caution with regard to certain conclusionsted to the ab lineage and enter the pathway of immature
TCRab-expressing cells that are subject to positive and drawn from studies with TCRab transgenic mice in
which the nominal antigen is present during develop-negative selection. This model is consistent with experi-
ments in which the quality of rearrangement of g and d ment of lymphocytes. In these experiments, one would
like to ascertain that peripheral T cells or thymocytesgenes was analyzed in ab T cells and it was found that
the frequency of nonproductive rearrangements was that were selected in the presence of nominal antigen
represented bona fide ab T cells. This is certainly true forhigher than would have been expected if the outcome
of g and d rearrangements did not influence lineage peripheral CD42CD82 T cells, as well as for CD42CD8low T
cells with transgenic TCRs, as discussed previously (voncommitment (Dudley et al., 1995; Kang et al., 1995; Livak
et al., 1995). Boehmer et al., 1991; Teh et al., 1989; von Boehmer,
1990), but it may also apply toorgan culture experimentsIf these views are correct, one may wonder why T cell
development in TCRab transgenic mice is not entirely in which positive selection of thymocytes with trans-
genic TCRs by nominal antigen is studied (Hogquist etdirected into gd-like cells. In this context, it is worth
noting that the differentiation of CD42CD82 cells into al., 1994; Ashton-Rickardt et al., 1994; Sebzeda et al.,
1994). In some of these experiments, the selection ofCD41CD81 cells is remarkably inefficient in TCRab
transgenic mice: it takes 20 times as many bone marrow TCRab1 cells with gd-like characteristics may have been
studied rather than the positive selection of bona fidecells from female TCRab transgenic mice as from normal
mice to generate the same number of CD41CD81 thymo- ab T cells. The fact that in some of these experiments
the cells have lower CD8 levels and cannot bestimulatedcytes in female recipients (Kisielow et al., 1988). The
fact that not only T cells with a gd-like phenotype are by nominal antigen would be consistent with this inter-
pretation (Jameson et al., 1994). It would be more appro-produced in TCRab transgenic mice may be due to
the possibility that not all immature cells express the priate to conduct such experiments with TCR transgenic
mice that express their transgenes in a developmentaltransgenic TCR at an early point in time or that not all
Gates show sorted populations (TCRd1 and TCRa1). Reanalysis of sorted populations by T3.70 and TCRd antibodies as well as forward scatter
(FSC) is shown for each organ on the right. Propidium iodide was used for gating on live cells only. All TCRd1 cells were also TCRb1 (data
not shown). (A) shows pTa1/2 female (left) and male (right) mice; (B) shows pTa2/2 female and male mice. The following absolute cell numbers
were obtained from the different TCRab transgenic mice: female pTa2/2, 30 3 106 thymocytes and 12.7 3 106 lymph node cells; female pTa1/2,
72 3 106 thymocytes and 14.1 3 106 lymph node cells; male pTa2/2, 3.2 3 106 thymocytes and 4.2 3 106 lymph node cells; male pTa1/2, 2.7 3
106 thymocytes and 8 3 106 lymph node cells.
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Figure 8. TCRgd Expression on Thymocytes from Male pTa2/2,
TCRab Transgenic Mice
Staining of total thymocytes of a male TCRab transgenic, pTa2/2
mouse with anti-TCRd (GL3) versus anti-Vg2 (UC3-10A6), the pre-
dominantly expressed Vg element in the adult thymus.
order similar to TCR genes in normal mice. Perhaps this
can be achieved by inserting TCR transgenes in their
respective TCR loci via homologous recombination.
Experimental Procedures
Mice
The ab TCR transgenic mice, with a transgenic TCR specific for
male antigen (HY) in the context of H-2Db MHC molecules, have
been described previously and were crossed on the C57BL/6 (B6)
background (Kisielow et al., 1988). B6 and DBA/2 mice were ob-
tained from the animal colony of the Basel Institute for Immunology. Figure 9. Surface Phenotype of Thymocytes from Male pTa2/2,
(B6 3 DBA/2)F1 mice were also bred in the animal colony of the TCRab Transgenic Mice
Basel Institute for Immunolgy. pTa2/2 mice have been described Cells were stained by four colors with the following antibody combi-
elsewhere (Fehling et al., 1995). ab TCR transgenic, pTa2/2 mice nations: (left) CD4, CD8, TCRa (T3.70), and TCRd antibodies; (right,
were bred in the animal colony of the Basel Institute for Immunology. top and middle) CD4 plus CD8, TCRa, CD25, and CD44 antibodies;
(right, bottom) CD4 plus CD8, TCRd, CD25, and CD44 antibodies.
Antibodies The cells were gated according to the marker indicated at the top
For surface staining, we used anti-CD8 (RM 2204, Caltag Labora- of the quadrants; double stainings with the antibodies indicated on
tories; phycoerythrin [PE] conjugated; or 01044D, Pharmingen; fluo- the X and Y axes are shown.
rescein isothiocyanate [FITC] conjugated), anti-CD4 (19861-012,
GIBCO BRL; PE conjugated), FITC-conjugated H57-597 (anti–pan
TCRb; Kubo et al., 1989), biotinylated T3.70 (specific for the TCRa complement was added (Low Tox-M rabbit complement; Ce-
chain of the HY-reactive TCR; Teh et al., 1989), FITC-conjugated or darlane), and the suspension was left at 378C for 45 min. Live cells
biotinylated GL3 (anti-TCRd; Pharmingen), and biotinylated UC3- were recovered by Ficoll density gradient and stained with GK1.5
10A6 (anti-Vg2; Pharmingen). Protein G–purified antibodies were (anti-CD4) and 53.6-7 (anti-CD8).
conjugated according to standard procedures. LICR.LAU.RL172.4
(anti-CD4; Ceredig et al., 1985) and 3.168.8.1 (anti-CD8; Sarmiento Surface Staining and Sorting of Thymocytes
et al., 1980) supernatants were used for depletion of CD41 and CD81 Lymphocytes were suspended in PBS containing 2% FCS at 107
thymocytes. GK1.5 (anti-CD4; Dyalinas et al., 1983) and 53.6-7 (anti- cells per milliliter and stained in plastic tubes with the desired anti-
CD8; Ledbetter and Herzenberg, 1974) were used to stain cell popu- bodies in optimal concentrations. Cells were incubated for 20 min
lations obtained from depletion before sorting. on ice. After incubation, cells were washed twice in PBS plus 2%
FCS and resuspended either in the same solution (in the case of
direct staining with PE- or FITC-conjugated antibodies) or (in theCell Depletion
Single-cell suspensions of lymph nodes were prepared in phos- case of indirect staining with biotinylated T3.70 antibodies) in opti-
mally diluted PE–streptavidin (Southern Biotechnology Associated)phate-buffered saline (PBS), 2% fetal calf serum (FCS). sIg1 cells
were depleted using Dynabeads (Milan). To obtain CD42CD82 (dou- and incubated for another 20 min on ice. After washing, cells were
analyzed and sorted on either FACStar Plus or FACS-Vantage.ble negative) from thymi, thymocytes of 4-week-old mice were de-
pleted of CD41 and CD81 cells with RL172.4 and 3.168.8.1 superna- Sorted populations were reanalyzed on the same machines to test
purity.tants (gift of R. Ceredig) in DMEM for 10 min at 378C; subsequently,
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Hybridomas References
The following sorted populations from lymph nodes or thymi were
fused to the BW 100.129 cell line (gift of Dr. W. Born): CD42CD81, Ashton-Rickardt, P.G., Bandeira, A., Delaney, J.R., Van Kaer, L.,
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